INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a global epidemic with more than 415 million patients now and 642 million patients predicted by 2040 [1] . Cancer is a leading cause of death globally, with an expected 70% increase in new cases over next two decades [2] . Since strong evidence from several epidemiological studies proved that T2DM is a risk factor for cancer [3] and increases cancer mortality [4] . Among patients with diabetes, hyperinsulinemia and hyperglycemia which may be mediated through metabolic inflammation may play important roles in the development of cancer [5, 5] .
The relationship between antidiabetic medication (ADM) and cancer was also explored. As the first-line ADM, metformin's effect on relieving insulin resistance and inflammation may lead to potential antineoplastic action, modifying the insulin-like growth factor (IGF) signaling system and adenosine monophosphate activated protein kinase (AMPK) pathways [7, 8] . Meta-analyses of population observational studies indicated that metformin use is associated with reduced risk of cancer development compared with other ADMs [9] . The findings were consistent with randomized controlled trials (RCTs) [10, 11] . Other metaanalyses attributed the effect of metformin on cancer to biases and confounders [12] .
Sulfonylureas are the most widely used oral ADM in China [13] . Meta-analyses showed that sulfonylurea use is associated with an increase in all-cancer risk [9] ; however, the relationship failed to be confirmed by RCTs [10] . Moreover, some studies found that the risk of cancer may not be equivalent with all generations of sulfonylureas [14] . Furthermore, evidence from biological studies showed that glipizide may tend to suppress tumor development by inhibiting angiogenesis and embryonic vasculogenesis [15, 16] .
Studies of the association between oral ADMs and cancer incidence in T2DM populations in mainland China are still lacking, despite the huge T2DM population and the widespread use of oral ADMs in China. The objective of this study was to examine the association between monotherapy of metformin or sulfonylurea and cancer incidence using a community population-based retrospective cohort in newly onset T2DM validated from the Shanghai Community Diabetes Management System of China.
METHODS

Data Source
The Shanghai Community Diabetes Management System in Hongkou District was established in 2006 with more than 25,000 diabetes patients from all eight community health service centers of Hongkou District as of 2015. The management system provided free health services including lifestyle intervention, health education, medication management, and monitoring of diabetes and its complications by general physicians (GP) though both outpatient clinics and visits regularly. It collected information on medication of T2DM, diet and physical activity, anthropometric measurements, and behavior monitoring.
Study Population
We extracted 2545 patients with newly onset T2DM who were enrolled in the system from 1 January 2006 and 31 December 2010 (Fig. 1) . The study cohort was 2353 patients aged 35 years or more without cancer history, ADM history, and history of microvascular and macrovascular complications. To avoid the protopathic-type bias, high-quality registry data from the Shanghai Cancer Registry Organization allowed the effective exclusion of patients with a cancer history at baseline, developing cancer at the first follow-up year, diagnoses of metastatic cancer and secondary cancer, as well as using insulin as first prescription.
All procedures performed in studies involving human patients were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual patients included in the study. Ethical approval was given by the medical ethics committee of Fudan University, School of Public Health, with the following reference numbers: IRB00002408 and FWA00002399.
Exposure Definition
Exposure to ADM was defined on the basis of the records of the Shanghai Community Diabetes Management System in Hongkou District. In China, both metformin and sulfonylurea are first-line treatments for T2DM patients [17] . We defined the first prescription date as the index date, which should be less than 6 months from diagnosis date. The study cohort was categorized into the following seven mutually exclusive groups according to the initial therapy which lasted for more than a 1-year treatment period: 
Outcome Assessment
The outcome of study was the first diagnosis of primary cancer which was identified from the Shanghai Cancer Registry Organization using International Classification of Diseases, 10th revision (ICD-10) code (C00-C97, D00-D09), including the following data: hospital of diagnosis, date of diagnosis, diagnostic methods, and tumor lymph node metastasis (TNM) classification of cancer. Mortality cases were identified from the Shanghai Death Record System to confirm the causes of death.
Covariates
Socioeconomic-demographic characteristics, lifestyle, ADM, anthropometric measurements, and incidence related to T2DM were collected from patient registry via the GP's visit every 3 months. Physical activity was converted to metabolic equivalent of task (MET) hours per day (MET 9 h/day) [18] . Smoking status was categorized into never use and ever use. Excessive alcohol consumption was converted to pure alcohol, defined as more than 168 g per week for men and more than 84 g per week for women in the last year. The difference between the baseline fasting plasma glucose (FPG) and the average FPG in the first following year (i.e., DFPG = baseline FPG minus mean FPG in the first following year) was used to represent the primary effect of different ADM strategies. Cox proportional hazard was analyzed with the stratification of common risk factors for cancer, including age (C 65, \ 65), body mass index (BMI) (C 24, \ 24 kg/m 2 ), waist circumstance (male C 90 cm or female C 80 cm; male \ 90 cm or female \ 80 cm), FPG (C 7.2, \ 7.2 mmol/L) [19] , adherence (non-switching or switching of therapy during follow-up), smoking status (never, ever), and excessive alcohol assumption (never, ever).
Statistical Analysis
Considering the time-related bias in observational studies, intention-to-treat (ITT) could be a suitable approach to realize ''observational studies analyzed like randomized experiments'' [20] . In the ITT group, patients with monotherapy of sulfonylurea, metformin, and other ADMs or with combination therapy were compared with patients without any ADM therapy respectively. Patients were allocated to the group as the initial therapy irrespective of subsequent change in therapy.
In addition, the per-protocol (PP) analysis was conducted to examine the results. Throughout the follow-up duration, patients who withdrew the allocation of initial therapy were excluded from analysis (see Fig. 1 ).
Descriptive analyses were conducted for the whole cohort and by ADM groups. The Kaplan-Meier method was used to estimate the cumulative incidence of cancer in each group, and Cox proportional hazard models were conducted to assess the differences between groups. Crude hazard ratio (HR) and 95% CI of the effectiveness of ADM groups were compared with those of non-ADM users. Furthermore, multivariable Cox proportional hazard regressions were used adjusting for age, gender, baseline BMI, FPG (pre-prandial capillary plasma glucose), hypertension, smoking status, and excessive alcohol consumption. A sensitivity analysis was performed among monotherapy medication groups, i.e., nonuser of ADM, monotherapy of metformin, and monotherapy of sulfonylurea. The statistical analyses were performed using SPSS version 16.0. Two-sided test of P \ 0.05 was considered a significant difference.
RESULTS
Baseline Characteristics
A total of 2353 newly onset cases of T2DM were identified and categorized according to the initial therapy of the first year: no use of medication (n = 722, 30.68%), sulfonylurea monotherapy (n = 653, 27.75%), metformin monotherapy (n = 374, 15.89%), sulfonylurea and metformin combination therapy (n = 302, 12.83%), other ADMs (n = 147, 6.25%), sulfonylurea combined other ADMs (n = 108, 4.59%), and metformin combined other ADMs (n = 47, 2.00%). Patients with insulin as initial therapy were excluded because they likely had long-standing T2DM. As of the end of followup, 1419 patients retained the location of initial therapy as the (PP cohort, 167 patients retained metformin monotherapy, 367 patients retained sulfonylurea monotherapy, 126 patients retained metformin and sulfonylurea combination therapy, and 512 patients retained nonuser of ADM till the end of follow-up. Baseline and exposure characteristics are presented among nonusers of ADM and ADM groups in ITT and PP cohorts, respectively. The mean age of ITT cohort at baseline was 67.3 ± 11.0 years, and 57.7% of patients were female. The mean BMI was 24.5 ± 3.2 kg/m 2 and mean FPG was 7.4 ± 1.6 mmol/L. Compared with the nonuser of ADM group, patients with ADM were more likely to have higher BMI, FPG level, and unhealthy lifestyle (all p \ 0.05) ( Table 1 ). In the PP cohort, compared to the nonuser of ADM group, the metformin and sulfonylurea combination group was more likely be younger and less healthy. Except for a higher level of FPG (all p \ 0.05), other ADM groups had similar characteristics at baseline (Table 2) .
After 12 months, the mean FPG of the ITT cohort was 6.8 ± 1.1 mmol/L and the improvement (DFPG) compared with the baseline FPG was 0.5 ± 1.7 mmol/L in the ITT cohort. Compared to the nonuser of ADM group, the sulfonylurea combination group and the metformin and sulfonylurea combination group were more likely to have a better control of FPG (all p \ 0.05) (Table1). In the PP cohort, compared to the nonuser of ADM group, the metformin monotherapy group was more likely to have a better control of FPG (p \ 0.05) ( Table 2) .
Association of Metformin and Sulfonylurea Therapy with Cancer Incidence
During 5 years follow-up, a total of 94 new cancer cases were diagnosed. Cancer of the lung, colorectum, breast, prostate, and thyroid accounted for the majority of cases in both ITT and PP cohorts (Table 3 ).
In the ITT cohort, compared with the nonusers of ADM, the sulfonylurea monotherapy group was associated with a significant decreased risk of any cancer (11.53 vs. 6.27 per 1000 person-years, respectively, HR 0.55; 95% CI 0.32-0.93). The cancer incident risk of other medication ITT group without metformin or sulfonylurea was similar to the nonuser of ADM group (11.48 vs. 11.53 per 1000 person-years, respectively, HR 1.00; 95% CI 0.47-2.13). Considering risk factors and potential confounders of cancer incidence, the adjusted HRs were 0.50 (95% CI 0.29-0.85), 0.51 (95% CI 0.27-0.99), and 0.39 (95% CI 0.18-0.84) for sulfonylurea monotherapy, metformin therapy, and metformin and sulfonylurea combination therapy, respectively (Table 4 ).
In the PP cohort, a total of 60 first incident cancers were retained on the original allocation of therapy. Compared with the nonuser of ADM group, the metformin monotherapy group was associated with a significant decreased risk of any cancer (12.27 vs. 3.73 per 1000 personyears, respectively, HR 0.31; 95% CI 0.09-1.00); the sulfonylurea monotherapy group was associated with a borderline significantly lower cancer incident (12.27 vs. 6.15 per 1000 personyears, respectively, HR 0.51; 95% CI 0.25-1.01). After adjustment for age, gender, BMI, FPG, DFPG, physical activity, smoking, and excessive alcohol assumption, the adjusted HRs were 0.29 (95% CI 0.09-0.96) and 0.45 (95% CI 0.22-0.91) for metformin and sulfonylurea monotherapy groups, respectively (Table 4) . 
Sensitivity Analyses
Log-rank test was used to assess the differences among nonuser of ADM, monotherapy of metformin, and monotherapy of sulfonylurea groups. Figures 2 and 3 show significant differences of the proportion of cancer-free patients among the groups (Log-rank = 6.374, P = 0.041 in the ITT cohort, Log-rank = 7.14, P = 0.028 in the PP cohort). Table 5 presents the sensitivity results similar to the main analysis.
DISCUSSION
This study examined a community populationbased retrospective cohort of newly onset T2DM patients. Intention-to treat and per-protocol approaches were applied to analyze the associations of the use of ADM with cancer incidence. We employed ITT and PP approaches to analyze ''incident diabetes drug'' cohort and ITT analysis can be regarded as the equivalent of a nonrandomized ''trial'' that avoids many of the biases of traditional observational studies [20] . The results showed that the monotherapy of metformin and monotherapy of sulfonylurea were associated with lower risk of cancer development compared to the nonusers of ADM. Consistent outcomes were also obtained after adjustment for common risk factors.
As the first-line therapy of T2DM, metformin is identified as an insulin-sensitizing agent. In vitro and in vivo studies have provided ample evidence of the antineoplastic effect of metformin. In addition to the direct or indirect effect on lowing the concentration of circulating glucose and insulin, metformin could active All sites C00-97 94 100.00 60 100.00 the liver enzyme AMPK and inhibit the IGF-1R signaling to suppress the development of cancer [7, 8, 21] . Evidence from epidemiology was inconclusive. Several meta-analyses indicated that metformin use is associated with reduced risk of cancer development compared with other ADMs [9] while some attributed the effect of metformin to biases and confounders [12] . However, there were time-related biases [22] and misclassification of exposure [23] because observational studies were included in the mentioned meta-analyses. These types of biases may lead to underestimation of the risk of cancer in metformin therapy. To avoid the potential time-related bias, some cohort studies preferred the ITT analysis approach [24] [25] [26] .
Using other ADM therapy group as the comparison, mainly sulfonylurea [10, 25, 26] and thiazolidinediones [10] , these studies and two large randomized trials [10] found no risk association between metformin therapy and cancer. That was consistent with our finding if compared with the sulfonylurea monotherapy group (adjusted HR 1.03, 95% CI 0.50-2.13). However, in this study, the newly onset T2DM patients were a target population who might prefer a non-pharmaceutical treatment at an early stage of diabetes, although all study subjects were covered by basic medical insurance and community health services in China. In this study, the finding that the metformin monotherapy was associated with lower risk of Hazard ratios with 95% CIs were estimated from Cox proportional hazard models Mono-tx monotherapy, Combo-tx combination therapy, Pys person-years a Adjusted for age, gender, BMI, FPG, DFPG, PA, smoking status, and excessive alcohol assumption cancer developing (adjusted HR 0.51,95% CI 0.27-0.99) compared to nonusers of ADM might suggest that treating newly onset diabetes with metformin will afford greater benefit in reducing risk of developing cancer in the Chinese community T2DM population. However, more RCTs are needed to clarify the causality between metformin and cancer promotion.
On the premise of hyperinsulinemia increasing cancer risk, sulfonylurea as insulin secretagogue seems to be associated with increased risk of cancer. However, our findings suggested that the sulfonylurea might reduce the incidence of cancer (adjusted HR 0.50, 95% CI 0.29-0.85) compared with nonusers. In observational studies comparing sulfonylureas and metformin, there is exposure time-related bias that may lead to overestimation of the cancer risk effect of sulfonylurea vs. metformin. Our finding is consistent with the findings from other studies which addressed the exposure time-related bias and RCTs. All studies have found that sulfonylurea did not increase the risk of cancer [10, 24, 26] . In this study, the finding that sulfonylurea monotherapy had a similar lower risk of developing cancer compared with metformin monotherapy strategy was also supported by other well-designed ITT studies [25, 26] .
In order to consider the impact of different ADMs per se on cancer development through glycemic control, the difference between baseline FPG and mean FPG after 12 months was included in the Cox regression model. A positive association of baseline FPG level with cancer incidence [adjusted HR = 1.35 (95% CI 1.19-1.54)] and inverse association of DFPG with cancer incidence [adjusted HR = 0.80 (95% CI 0.72-0.90)] level were demonstrated. However, this finding of the potential effect of glucose level on cancer development could not be confirmed by meta-analysis of RCT research [27] .
Our study examined a retrospective cohort in an urban district in Shanghai, which may limit the generalizability of the result. The use of information from the Shanghai Community Diabetes Management System of China, which was derived from the periodic GP follow-up and However, almost all of the patients were covered by urban basic medical insurance and managed by community health service centers, which ensure their access to essential medications. Also, individuals included in this study came from the same district of Shanghai Municipality, which may have reduced the heterogeneity in socioeconomic status among residents. Third, the small sample size also did not allow us to analyze the associations between ADM and the risk of particular cancer sites. As a result of accessibility and integrity in blood glucose level of the current cohort data source, we only extracted the FPG information. Other indicators for glucose level such as HbA1c and postprandial plasma glucose should be included in future research with better accessibility and [28, 29] . There might not be equivalent effects among generations of sulfonylureas. Considering the dose effect, there was a lack of information on cumulative dose of medication. Lastly, there might be still unobservable confounding factors; however, in our study, common risk factors for cancer, like overweight, physical activity, smoking, and alcohol assumption, were considered and adjusted for in the model.
CONCLUSION
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